Abstract
Ocean. In this report, sediment samples were collected at four sites from the Chukchi Plateau to 
83
For example, industry in the former Soviet Union provided a widespread source of atmospheric
84
PAHs to the Canadian High Arctic, which substantially decreased in the 1990s (Halsall et Table S1 ). The sediment cores were first sampled using a box sampler (50×50×65 cm), then 119 subsampled using a push core sampler (Φ10×60 cm) prior to releasing the box corers on deck.
120
The length of the BN03, BN06, BN09, and BN12 cores were 20, 30, 24 and 38 centimeters 121 below the surface, respectively. Subsequently, the cores were sliced into layers at depth intervals 122 of 4 cm with the exception of the surface layer, which was sliced at a depth of 2 or 4 cm 123 depending on the water content. Finally, three layers from each core, including the surface, the 124 bottom and the middle (Table S1) 
PAH-removal rate quantification by GC-MS

178
To determine the PAH-removal rates of each consortium, all of the consortia and uninoculated 179 controls were incubated in a 250-mL flask, which was loaded with 100 ml of fresh mineral 180 medium containing 5% inoculum and the above-mentioned PAH mixtures as the carbon source.
181
After a 45-day incubation at 15°C and 25°C, the residual PAHs were extracted with 100 mL of 182 dichloromethane separated into three parts. The purification and concentration of these combined 183 extracts was accomplished according to the description in "2. Cultures enriched at 15°C were chosen as representatives for the isolation of degrading bacteria.
210
Approximately 10 -4 , 10 -5 , and 10 -6 dilutions of theses cultures were spread onto ONR7a agar 211 plates whose lids were supplemented with naphthalene crystals and incubated at 15°C in the dark.
212
Colonies with different morphologies were streaked onto fresh ONR7a plates twice to obtain 213 pure cultures. The PAH utilization of these isolates was tested in 100 mL of ONR7a liquid 214 medium supplemented with 0.2 g ultraviolet-sterilized naphthalene crystals at 15°C, reflected by 215 culture color changes and an increase in the cell optical density at 600 nm. 
Nucleotide sequence accession numbers
217
The Illumina high-throughput sequencing data that resulted from the present study were were used for further analyses using QIIME (v 1.7.0).
243
At the phylum level, Proteobacteria were the most abundant bacteria and occupied 44.7%-57.3%
244 of the total tags of these sediments, followed by Acidobacteria, Actinobacteria,
245
Gemmatimonadetes, and Planctomycetes (Fig. S1A) . The abundant orders are presented in the
246
Supplemental Material (Fig. S1B) higher than those at 15°C (Fig. 4) . Notably, the consortia of the northernmost site (BN12)
268 generally displayed high rates at 15°C and 25°C . In contrast, the removal rates of the consortia 269 from sites BN03, BN06, and BN09 were relatively low. Thirty-six enrichment cultures corresponding to the in situ sediments were also analyzed using
272
Illumina high-throughput sequencing (Table S3) . Nearly all of the dominant bacteria in these 273 consortia were previously described as hydrocarbon degraders. (Fig. 3B, Table S5 ). In the treatments that were enriched with PAHs at 15°C and 25°C ,
278
Pseudoalteromonas, Cycloclasticus, Pseudomonas, and Halomonas were selected as the most 279 abundant bacteria. In the 15°C consortia (Fig. 3C) , Pseudoalteromonas was the most abundant 280 bacteria in the consortia of site BN03 and from the upper layer of BN06. In contrast,
281
Cycloclasticus dominated the three consortia of site BN12 (55.1-64.5%), whereas Pseudomonas 282 was clearly dominant in the consortia of the middle layer of site BN06 and upper layer of site 283 BN09, and was relatively dominant in all three consortia from site BN12 (Fig. 3C , Table S5 ).
284
Halomonas was the most dominant bacterium in the 25°C consortia (Fig. 3D) , occupying To compare the diversity indices, the tags were normalized to 7,047 (the fewest of the samples),
296
and the observed OTUs, Chao1, and Shannon indices were obtained using the software package 297 QIIME (Table S3) . Overall, all of the diversity indices indicated that the sediments had the 298 highest bacterial richness and evenness ( Fig. S2A-2C ). Among the enriched cultures, the 299 bacterial diversity was increased with rising temperatures (Fig. S2A-2B 
Community composition revealed by PCR-DGGE
310
To reconfirm the bacterial composition, the PAH-degrading consortia were subjected to
311
PCR-DGGE analysis in parallel. were derived from each layer of the four sites, whereas they were relatively less abundant in 322 three consortia (Fig. 5 , lanes 2, 4 and 11) that were generated from three sites. Halomonas 323 appeared as very strong bands in five consortia (Fig. 5 , lanes 2-6) from sites BN03 and BN06.
324
Pseudoalteromonas mainly dominated in four consortia (Fig. 5, lanes 1, 3, 5 (Fig. 6A, lanes 11-12) . In contrast, the most dominant 333 member was the bacteria of Cycloclasticus at 15°C (Fig. 6B , lane 11-13), which was consistent 334 with the composition pattern revealed in Fig. 3C . 
Bacterial isolation and their potential in PAH degradation
336
Bacteria were isolated from all of the PAH-degrading consortia enriched at 15°C using the
337
ONR7a medium plates whose lids were supplied with naphthalene crystals as the sole carbon 338 source. Forty isolates were obtained that were affiliated with 12 genera of γ-and 339 α-proteobacteria and Actinobacteria (Fig. S3) the PAH-degrading consortia of site BN12 (Fig. 3, Fig. 5 and Fig. 6 ). From these consortia, three 347 strains were isolated and named after the consortium: 15BN12U-14 (simplified as U-14),
348
15BN12L-10 (L-10), and 15BN12L-11 (L-11). These organisms had identical 16S rRNA gene 349 sequences (1497 bp) and shared 99.92% sequence similarity with the C. pugetii PS-1 T type strain.
350
However, they varied in morphology (Fig. S4 ) and genome fingerprint patterns determined by neither could utilize pyrene (Fig. 7) . Moreover, strain U-14 exhibited better growth than strain
356
L-10 when utilizing phenanthrene (Fig. 7A vs. 7B). Table S2 ). According to the theory of "Global 374 distillation", it would be easier to transfer naphthalene than other PAHs of high molecular weight
375
(HMW) over long distances (Goldberg, 1975; Friedman and Selin, 2012) ; however, the 376 concentration of naphthalene was less than that of phenanthrene. This discrepancy might be 377 partially due to its higher bioavailability and degradability. In contrast, HMW PAHs with four or 378 more rings accumulated in larger concentrations in areas near the south of the continent, as 379 described above (Fig. 2) However, most of these bacteria occupied less than 0.5% of the total tags (Fig. S6) Hyphomonas, and Cycloclasticus were identified as the dominant members ( Fig. 3B and Fig. S6 ).
394
These bacteria have been previously detected as the dominant members in oil-enriched consortia Pseudoalteromonas and Halomnonas, remained predominant (Fig. 3) . The alpha and beta 406 diversity indices (Fig. S2 ) both confirmed that significant differences existed among the increased with sediment depth and movement from the southern to northern sites (Table S4) pyrene only in the presence of other PAHs, such as phenanthrene (Geiselbrecht et al., 1998) .
439
In addition to Cycloclasticus, the following PAH-degrading bacteria, which were previously 440 described to reside in coastal environments, were also found as dominant members in some
441
PAH-degrading consortia in this report (see Supplemental Material members in many consortia ( Fig. 3 and Fig. 5 ), in this study they failed to grow in the presence 455 of the tested PAHs.
456
Pseudomonas is a common PAH-degrader in cold environments, and is frequently found in occupied 1.5-1.8% of the total bacteria sequenced from the three samples (Table S4 and Fig. 3A ).
460
In many cultures enriched with PAHs, Pseudomonas was the dominant member and even 461 occupied up to 70% of the total populations in the 4BN03M consortium (Table S5 and Fig. 3B ).
462
Coincidently, three Pseudomonas strains were obtained from the 15°C enrichments (Fig. S3) enriched with oil containing PAHs (Fig. 6A ), but were diluted from the PAH-enriched cultures at 478 both 15°C and 25°C ( Fig. 6B and Fig. 5 ). These results were quite consistent with their aliphatic 479 hydrocarbon-degrading and psychrotolerant characteristics (Yakimov et al., 2004 ).
480
It is worth mentioning that the once frequently reported PAH-degrading bacteria
481
Novosphingobium spp. were not detected in the sediments of the Arctic Ocean. These bacteria 482 are common PAH degraders in both marine and terrestrial environments (Gan et al., 2013 The supplement related to this article is uploaded during the manuscript submission. Ocean. The consortia were grown with a mixture of PAHs (naphthalene, phenanthrene, and 753 pyrene) as the sole carbon and energy source. PAHs were quantified using GC/MS after 754 pretreatments. Naphthalene was not included due to an error caused by its high volatility.
755
Consortia names with prefixes "15" or "25" indicated they were enriched at 15°C or 25°C, 15°C, respectively. OD 600 was defined as meaning optical density at 600 nm. 
